Human activities have led to changes in land use, environmental conditions and climate. Land use change has significant impacts on hydrology and other water related problems. In this study, the assessment of land use change is used to explore the effects of human activities on hydrologic response under the paleo-environment and the present conditions by using a grid-based distributed hydrologic model. According to the results of land use change analysis, forest area decreased, but the areas of building types A and B increased from 1843 to 1902. Due to increasing building area and decreasing forest area and rice fields, the peak discharge is increasing and arriving earlier. Projected rainfall-runoff hydrographs suggest that rainfall may peak early (in the third hour) leading to earlier peak discharge or rainfall could peak later (in the eighth hour), leading to larger and later peak discharge. This study offers guidance for future urban planning and flood risk management.
INTRODUCTION
Due to urbanization, environmental conditions and land use have changed significantly between the past and the present. The changes to land use and the environment have dramatic effects on flood frequency, water quality, climate, and ecosystem structure and function. Recent studies have focused on the impacts of land use change on catchment hydrology and hydrologic response 1), 2) , and the assessment to quantify the influence of land use and water management on flows 3) . An assessment of the long-term effect of land use change on hydrology and solute budgets was conducted on small catchments in Amazonia 4) . A series of studies assessed the impact of land use change on hydrology by ensemble modeling (LUCHEM) 5)-8) . Wijesekara presented a study to extend the time scale of the assessment of the future and past period land use change impact on hydrologic processes 9) . However, most previous studies of land use change impact assessment only consider the past several decades.
Land use change analysis considering long periods of paleo-environmental conditions is very important for understanding land use change in the context of changing socio-economic conditions. Land use change impacts on hydrologic response under the paleo-environment can be used to confirm and connect statistical analysis and discontinuous historical evidence of paleo-floods. Research has shown that large-scale deforestation of basins has led to significant increases in mean discharge and flood frequency through long timescales under paleo-environmental conditions 10) .
Reconstruction of paleo-land use is essential for long period land use change analysis. Reconstruction of paleo-land use and environmental conditions includes reconstruction of the paleo-channel, the pale-land landscape and the paleo-environment. The field observation approach is used as a foundation for paleo-environmental reconstruction 11) .
Ward 10) described the reconstruction of paleo-land use based on CORINE data, census data, historical records, and pollen analyses. CORINE data is the dataset CORINE Land Cover 2000 (CLC2000) 12) . There are some studies on historical census information in Belgium 13) , the Netherlands 14) and France 15) . Pollen analysis was mainly used for simulating the period from 4000 to 3000 BP 16) . Based on previous studies, historical information such as old books, drawings, pictures and paper maps can be used to reconstruct paleo-land use.
The Cell-based Distributed Rainfall Runoff Model Version 3 (CDRMV3) is a physically-based hydrologic model developed at Innovative Disaster Prevention Technology and Policy Research Laboratory, DPRI, Kyoto University. CDRMV3 model solves the Kinematic wave equation using the Lax Wendroff scheme on every node of each cell 17) . Monte Carlo simulation was used to evaluate the rainfall-sediment-runoff model based on the grid-cell-based KWR model 18) , 19) .
In this study, we present the land use change analysis and representation of paleo-flood with the calibration results and the best parameter set of the CDRMV3 in the Kamo River basin, Kyoto, Japan. We reconstructed three paleo-land use periods for 1843, 1927 and 1902. The land use change impact on the hydrologic response under the paleo-land use is assessed with the historical recorded and designed rainfall in this study.
STUDY SITE AND DATA (1) Study site
The Kamo River basin is a sub-basin of the Katsura River basin. The Kamo River passes through Kyoto City, which was the capital of Japan during 794AD-1868AD (Fig.1) . The riverbank of the Kamo is popular with tourists and residents for many activities such as sightseeing during Sakura (cherry blossoms) blooms, fishing and walking. There are some pathways around this river which are opened for public access during the dry season.
During heavy rainfall, many activities are restricted because the pathways are flooded. Near the upper stream of the KRB, there is the Sajikigatake mountain area which is the boundary of Kumogahata village and Keihoku village in the northern ward of Kyoto. The length of the Kamo River is about 31 km. The area and highest elevation of the KRB is around 210 km 2 and 896 m. Flood control activities at the KRB were started in 824 AD when flood prevention became an official government position 20) . 
METHODS (1) Cell-based Distributed Rainfall Runoff Model
CDRMV3 provides the surface and subsurface hydrologic processes in each grid cell. This model is based on the kinematic wave method. The model simulates three lateral flow mechanisms including (1) subsurface flow through capillary pores, (2) subsurface flow through non-capillary pores and (3) surface flow on the soil layer. At each grid-cell, when the water depth is lower than the equivalent water depth for unsaturated flow (0  h  d m ), flow is simulated by Darcy's law with an unsaturated hydraulic conductivity k m . Surface flow is simulated as a function of the Manning roughness coefficient. The flow lines are parallel to the slope and the hydraulic gradient is equal to the slope. The kinematic wave model assumes the rainfall intensity is always lower than the infiltration capacity. It does not consider the vertical water flow, and the input rainfall data is added directly to subsurface flow or surface flow according to the water depth at the rainfall location. The model includes a stage-discharge, q-h relationship for both surface and subsurface runoff processes eq. (1):
where q is the discharge per unit width, h is the water depth, i is the slope gradient, k m is the saturated hydraulic conductivity of the capillary soil layer, k a is the hydraulic conductivity of the non-capillary soil layer, d m is the depth of the capillary soil layer, d a is the depth of the capillary and non-capillary soil layer, v m and v a are the flow velocities of unsaturated and saturated subsurface flows respectively, θ is a non-dimensional parameter for unsaturated flow, θ a is the effective porosity of soil layer (D), θ m is the effective porosity of unsaturated layer, and n is the roughness coefficient based on the land cover classes. Eight parameters are used in this study, including n (the roughness coefficients for land use parameters of the forest (Nw), building area (Nu1), other area (Nu2), paddy field (Nf2) and river area (NRv)), total soil depth (d a ), hydraulic conductivity in saturated layer (k a ), andθ. coefficient, affects the flux of surface flow. However, the model does not consider detailed information of each land use type such as irrigation system of the paddy field land use type. Initial conditions at each grid-cell were assumed to be in steady-state. Given the observed discharge at the catchment outlet, the discharge from every grid-cell was assigned in proportion to each of the grid-cells upstream to it, and the assigned discharge in each grid-cell was converted to the value of the water depth according to the stage-discharge relationship eq. (1) 19) .
Building type A is residential with high density population such as residential streets, the free-standing buildings and housing area with side lengths of more than 50 m, as well as other tall and large buildings. Building type B is residential with median or low population, including free-standing buildings and housing with side lengths less than 50 m.
(2) Monte Carlo simulation technique
Monte Carlo (MCA) generates a large number of realizations of model parameters according to their corresponding probability distributions with lower and upper bounds that are assumed to represent the variation of calibration parameters. After each realization, MCA calculated the values of the mean and standard deviation of the output statistics (mean model efficiency, mean volume error, mean peak flow and mean objective function) by using the Nash-Sutcliffe coefficient (NS):
where M is the number of ordinates in an event, Y and S are the observed and simulated output variables, respectively, while Y is the average of observed values.
RESULTS AND DISCUSSIONS
In this paper, we present the land use analysis and the reconstruction of paleo-floods under 1976, 1927, 1902 and 1843 land-use scenarios, respectively.
(1) Result of Calibration
In this study, we calibrated the CDRMV3 model using rainfall data from the 1953 extreme flood event because we lacked observed discharge data. Fig.4 shows that the simulation results bracket the observed discharge very well. The Nash-Sutcliffe coefficient for this calibration is around 0.95. The peak discharge of the simulation is somewhat lower than the observed discharge. The simulation discharge during 12:00 to 16:00, 18:00 to 20:00 and after 23:00 is slightly higher than the observed discharge. The low flows of the simulation results bracket the observed discharge well (Fig.3) .
We In Fig.4 
(3) Hydrologic responses and paleo-floods
The land use change impact on hydrologic response was analyzed using the historic rainfall and the designed rainfall under the paleo-land use of 1843, 1902 and 1927 , and the present land use of 1976. We assessed the land use change response after 10 hours under rainfall scenarios based on the 50, 100, and 200 year return period under two typical storm shapes based on the Area Rainfall Intensity Frequency Curves (AIDF) 22) and historical recorded rainfall of this river basin. In Fig.5 , the peak rainfall arrived at 15:00 on July 31, 1930, and the discharge at this hour under the land use of 1843 is about 40 m 3 /s lower than that under the land use of 1976. The peak discharge under the land use of 1976 arrived at 20:00 on July 31, 1930 which is five hours later than the arrival of peak rainfall. The peak discharge under the land use of 1843 arrived at 21:00 which is delayed one hour and is 6 m 3 /s lower than that under the land use of 1976. The discharge under the land use of 1927 is located in the middle between the discharges under 1976 and 1843 land-uses, and the peak discharge arrived at 20:00, but it is 13m 3 /s lower than that under the land use of 1976.
We present the results of land use change response with 10 hours designed rainfall of shape 1 and 2 for the 200 year return-period in Fig. 6 and Fig.7 . These two distinct design rainfall events are based on historic rainfall events, such as the 1930 flood. For brevity, we have excluded the results with 50 and 100 years return period. The shapes of these results are very similar to the results for the 200 year return period. In Fig.6 , the peak rainfall arrives at the third hour. The discharge of the fifth hour shows a significant increasing trend from 1843 to 1976. The discharge after the fifth hour under the land use of 1843 increased very quickly and shows a big discrepancy. The discharge under the land use of 1976 showed a smoother curve, higher before arriving at the peak discharge at the seventh hour, and lower after the peak discharge. The discharge under the land use of 1927 is intermediate between that under the land use of 1976 and 1843, and showed a small discrepancy after the fifth hour.
In Fig.7 , all of the discharge under the four land uses of 1976, 1927, 1902 and 1843 showed smoother curves than those in Fig.6 . The peak discharge under all the four land uses arrived at the tenth hour, and the peak discharge under the land use of 1976 is about 3120 m 3 /s. There is a significant difference in the discharge between the land uses of 1976 and 1843. The discharge under the land use of 1976 is higher before arriving at the peak discharge and lower after the peak discharge than that under the three other land uses.
(4) Discussions
Higher discharge and peak discharge, which are one hour earlier under the land use of 1976 as compared to the other land uses, resulted from decreased area of forest and rice field and increased area of building types A and B. These changes in land use led to the quick runoff in the ground and the reduced infiltration to the subsurface. Under the designed rainfall cases, we found similar results for the higher discharge with the historical rainfall case for the same reason. We found that there was a similar curve of the discharge presented around the fifteenth hour (Fig.5) , the fifth hour (Fig.6) , and the seventh hour (Fig.7) . The high water storage function of forest and rice fields likely drives differences between the curves. For the two shapes of designed rainfall, we found that the first shape led to earlier peak discharge and the second shape led to higher but later peak discharge.
CONCLUSIONS
In this study, we found the following: increasing the building area and decreasing the forest area and rice field which could lead the peak discharge will become high and coming early, with the results of land use change response under historical recorded and designed rainfall events. (4) Due to urbanization, deforestation and decreasing of the rice field in the Kamo River basin has lead the increasing of discharge and the peak discharge coming early. (5) The shape of the rainfall is very important for the flood risk management and the land use change impact on the hydrological responses. The results of this study could be used for guiding the future urban planning and supporting the important information for the reconstruction of the paleo-flood and the flood risk management.
